The fractional composition of proteins of the cod-fish family -polar cod (Boreogadus saida) and blue whiting (Micromesistius poutassou) which are currently underutilized in the food industry has been studied. A method of multiple extraction of homogenized fish raw material with solutions of increasing ionic strength and pH was used for protein fractionation. Water-soluble (WSP), salt-soluble (SSP) and alkaline-soluble (ASP) fractions of fish proteins have been separated. The content of protein in a whole fish and its aqueous extracts was determined by the Kjeldahl method as well as photometric method. The amino acid composition of the proteins was studied by high-performance liquid chromatography. Protein of blue whiting comprises 92% of WSP and SSP fractions; while polar cod comprises only 60%. All proteins under study contain the full set of the amino acids including essential ones. The content of lysine both in non-fractionated proteins contained in a whole fish and their fractions is considerable (from 59.5 to 121 g kg -1 ). When evaluating the biological value of proteins, their usefulness is established (there are no limiting amino acids). The data of the rationality coefficient Rc which presents the balance of the amino acid composition of the proteins indicate the high biological value of proteins of the whole polar cod and their ASP fraction. The fish species being studied can be used for production high-grade protein products -fish hydrolysates and isolates. The possibility of using unrefined fish is shown that is peculiarity of novel food technologies for obtaining protein products of high biological value.
INTRODUCTION
The analysis of a range of foods consumed in most countries has proved the growing phenomenon of a protein deficiency in products of animal origin [1, 2] . Currently, industrially processed hydrobionts are a source of high biological value protein that closely resembles that of animal origin.
Fish products play a major role in the rational food intake of millions of people worldwide. Therefore, the creation of new generation food products, based on marine hydrobionts having improved nutritional and biological value, is of great significance to accommodate the increasing demand for high-quality protein fish products. These types of foods, rich in essential components, are intended to replenish the amino acid and bioenergetic deficiencies of the organism.
The World Health Organization and Institute of Nutrition of the Russian Academy of Science have developed the main requirements for a balanced diet and its components [3] [4] [5] . When using marine bioresources, the principle task is to develop new technologies for separating organic components, which is linked with the production of new types of fish products that can meet specific biological, medical and technological standards [4] [5] [6] .
Currently, the physicochemical characteristics and biochemical composition of the majority of traditional, commercially exploited marine species, including the Arctic bioresources, have been studied quite comprehensively. Yet, the decreased fishing volume of the most nutritionally valuable species in the Arctic region, and the changed structure of harvested fish have led to the real need to start using non-traditional and small-sized fish, such as the polar cod (Boreogadus saida) and the blue whiting (Micromesistius poutassou), for instance. Thus, an abundance of data shows significant cumulative average stocks of blue whiting and polar cod [6, 7] . This suggests the prospect of increasing the production volume of these species and a need to develop new fish processing technologies.
The existing processing methods can be broadly classified into two universal, technological schemes for obtaining non-specific protein. This approach is widely used in processing protein-containing raw materials [8, 9] and manufacturing fish products, including hydrolysates, isolates and concentrated protein [9] . However, development of innovative technologies to separate protein from the whole sum of chemical components of fish raw materials is of vital importance.
At the research stage, it is important to fractionate the proteins. This protein isolation is based on the solubility principle of various types of proteins in water, salt and alkaline solutions. The necessity of such research is linked with the need to obtain data on the value and technological characteristics of the raw materials used for processing [10, 11, 12] . The qualitative and quantitative protein composition and the protein distribution patterns in the tissue of hydrobionts are important when choosing processing methods for raw materials with the aim of maximizing the output volume of the final products.
In this context, the use of the so-called low-value fishes as raw materials for processing is highly valuable. Recent research devoted to characterizing the chemical and biochemical composition of the abovementioned species exists. However, there has been done no in-depth research into the nutritional value of the blue whiting and polar cod, which are representatives of the cod family available in large quantities.
Therefore, this study aims to examine the protein composition of the raw material obtained from lowvalue fish species of the cod family, i.e. blue whiting and polar cod, for further utilization and to develop an innovative hydrobiont processing technology.
OBJECTS AND METHODS OF STUDY
Food Samples Analyzed. Both blue whiting (M. poutassou) (whole fish) and polar cod (B. saida) (whole fish) were analyzed. The blue whiting was caught by the Murmansk Trawl Fleet JSC in the central and eastern part of the Atlantic in spring (March) and in autumn (October) of 2015. The polar cod was caught by the same company in the Barents sea at the same time. Atlantic cod (Gadus morhua) fillets (boneless without skin) were used as a reference sample for comparison. The Atlantic cod was caught by the Murmansk Trawl Fleet JSC in the fishing parts of the Atlantic in April 2015. All the fish were frozen and delivered to the port of Murmansk (Russia). Fish was frozen in vertical quick-freezing plate devices VPF-10 produced by "Factory of cold" LTD (Russia), and then it was stored during 1 month at the temperature not higher than minus 18ºC.
Chemicals and Standards. All chemical reagents used were either reagent or analytical grade. All chemical reagents were purchased from "Petersburg's Red Chemist" LTD (Russia). Standard amino acids for chromatography and crystalline bovine serum albumin for spectrometry were purchased from Sigma-Aldrich (Germany).
Protein Extraction. Fish protein was fractionated by multiple extractions of homogenous fish raw material with solutions of increasing ionic strength and pH [18] . This method is based on the solubility of the various proteins in salt and alkaline solutions.
The frozen samples (see section Food Samples Analyzed) were defrosted with air at 18C and cut into small pieces. The pieces were homogenized (Ase homogenizer, Nihonseiki Kaisha Ltd, Japan) at 5000 rpm for 5 min. Three protein fractions, i.e. water-soluble proteins (WSP), salt-soluble proteins (SSP) and alkali-soluble proteins (ASP) were extracted. The extraction process is shown in Fig. 1 .
The WSP were extracted by soaking 1 g of homogeneous sample in 10 mL of 0.03 М KCl solution. The prepared solution was kept at 15С for 2 h, then centrifuged at 4000 rpm for 20 min, and the solution was separated from the residue by decantation. The residue was 5 times extracted with 0.03 М KCl solutions (1 : 5 v/v) for 1 h, respectively. The supernatant (WSP) and residue were kept for further processing. So, 6 subfractions of WSP were extracted.
The SSP was obtained by soaking the residue left from extracting the WSP with Weber's solution (a mixture of 0.60 M KCl, 0.0010 M Na 2 CO 3 and 0.040 M NaHCO 3 ) at a 1 : 10 v/v ratio, for 20 h. Subsequently, the liquid part was decanted, and the residue was extracted with 0.6 М KCl solution, then with Weber's solution and finally with 0.6 М KCl solution for 1 h at 1 : 5 v/v, and 1 h infusion time, respectively. The supernatant (SSP) and residue were kept for further processing. This method made it possible to extract 5 subfractions of SSP.
The ASP were obtained by extracting the residue remaining from the isolated SSP with 0.1 М NaOH solution (1 : 10 v/v) twice, for 2 and 20 h, respectively. Then, the whole procedure was repeated 4 times at 1 : 5 v/v and 1 h infusion time, respectively. The protein was extracted by centrifugation at 6000 rpm for 30 min in 0.1 М NaOH solution. This procedure helped to extraction of 6 subfractions of proteins soluble in 0.1 M NaOH. The remaining residue was soaked in 1 М NaOH solution (1 : 10 v/v) at 65С for 30 min. The supernatant (ASP) and residue were kept for further processing.
Protein Determination. The protein content of the original blue whiting and polar cod (see section Food Samples Analyzed) samples was defined according to the total nitrogen content (TN, g kg -1 ) determined using Kjeldahl apparatus (JP Selecta, Spain) which contains of two modules: the BLOCK-DIGEST-12 for protein mineralization, and the PRO-NITRO A for ammonia distillation. The amount of protein (P, g kg -1 ) was calculated by multiplying the TN by a conversion factor (usually of 6.25 for fish protein).
The protein content of the polar cod and blue whiting extracts from fractioning (see section Protein Extraction) was determined by Lowry's method based on the reaction of the proteins with the copper (II) salts in the alkaline solution followed by reduction using phosphomolybdenum-tungsten reagent (Folin's reagent). These reactions results in production of colored substances which can be determined by measurement at 750 nm using a T70 UV/visible spectrometer (PG Instruments, UK). Bovine serum albumin (0.05-0.80 mg/mL) was used to establish a calibration curve [13, 14] . Amino Acid Determination. Samples (10 g) of homogenized whole fish (polar cod, blue whiting) and cod fillet (see section Food Samples Analyzed) were combined with 96% (v/v) ethyl alcohol (1 : 5 w/w). The protein precipitate was degreased with diethyl ether and air-dried. Extracts of protein fractions were freeze and vacuum-dried using a freeze-dryer LSM-07 (Russia) at 45С. The samples (20 mg) were then hydrolyzed with 4 mL 6 M HCl in glass tubes at 120C for 24 h under vacuum. The hydrolysates were dried by a vacuum concentrator PE-8920 (Ecros, Russia) at 60C and then dissolved in citrate buffer (pH 2.2). The amino content was measured [15] by an automatic amino acid analyzer (AAA-88, Ingos Laboratory Instruments, Czech Republic).
The tryptophan content was determined by hydrolyzing the samples in 2% (w/v) KOH at 80C for 30 min, followed by photometric assay with p-dimethylamine benzaldehyde and measurement at 650 nm using a photoelectric colorimeter. Tryptophan (0.02-1.00 mg/mL) was used to establish a calibration curve [16] .
Protein Biological Value Determination. The biological value of the proteins and protein fractions was defined by their amino acid contents. The obtained data was compared with the reference protein, etalon, which fully complies with a wellbalanced amino acid protein (the reference protein).
Etalon (ideal) protein according to World Health Organization is a hypothetical protein which can completely satisfy the human requirement in all the essential amino acids.
The amino acid score of the i-amino acid (AAS i , %) was calculated as a ratio of the essential amino acids in the examined protein (A i , g kg -1 ) to its content in the reference protein (A ie , g kg -1 ), according to the following equation (1): 
The rationality coefficient (R с ), which characterizes essential amino acids against a reference protein, was calculated as follows:
where AAS min (%) is a minimum amino acid score, and K i is the utility factor of i-amino acid.
Statistics. Experiments were done in triplicate. The data were analyzed by one-way analysis of variance (ANOVA) using Origin Pro 8.0. Differences among means were considered significant at p  0.05.
RESULTS AND DISCUSSION
Basic chemical composition of the whole and gutted fish. Chemical composition of the fish is not constant; it depends on its feeding, and it is vary along the year. The feeding intensity of the polar cod and the blue whiting is usually minimal in spring (during spawning period), but it is maximal in autumn (during interspawning period). Table 1 shows the results of researches of the basic chemical compounds in the spring and autumn polar cod and blue whiting (both whole fish and fillets).
The fish caught in spring was used for the further researches.
Protein content of whole, cutted fish and waste. Table 2 presents data on the protein content in the whole fish, fish fillets, and fish waste (heads, fins, viscera, bones). The protein content in the whole fish is from 12 to 14% for the polar cod, and from 16 to 19% for blue whiting. The protein content in the blue whiting and polar cod fillets is somewhat higher (15-17%) than in the whole fish, but even the wastes from fish gutting is significant (from 10 to 16%), which is comparable to the whole fish. Thus, the fish waste produced during cutting, as well as the fillets, is a good source of proteins, and they can be used for extracting water-and salt-soluble proteins.
The analysis of the data presented in the Table 2 shows that a significant part of proteinous raw material can be lost during fish cutting. In case of polar cod cutting the losses are about 64% (of mass), in case of blue whiting they about 41% (of mass). These numbers theoretically correspond the losses of 55 and 37% of proteins contained in the whole fish. The obtained results showed the rationality of processing these fish without cutting which can use the maximal amount of proteins contained in fish for the finished product (hydrolysate or isolate).
Fractional composition of proteins and amino acids content. Table 3 shows that the amount of WSP, SSP and ASP yields from the blue whiting were 57, 52 and 11 g kg -1 , while the corresponding values from the polar cod were 48, 16 and 44 g kg -1 , respectively. Therefore, WSP and SSP comprise 92 and 60% of the blue whiting and polar cod protein, respectively. The blue whiting fillets (muscle tissue) contain more ASP (60% of total), while the polar cod fillets contain almost equal of ASP and sum of WSP and WSP (52 and 47% correspondently).
The amino acid content of the blue whiting and polar cod (whole fishes) protein is shown in Table 4 , which also provides the WSP, SSP and ASP amino acid compositions. The research of amino acid composition of ASP of the blue whiting has not been carried because of the low content of the ASP. Data on the sample of Atlantic cod fillet are also included in Table 4 for comparison. Atlantic cod muscle tissue contains about 20% of protein and less than 0.5% of fat, so Atlantic cod is considered a reference fish raw material of high protein content.
All the examined proteins in Table 4 are characterized according to the full range of amino acids, including essential acids. Almost all the samples contained glutamic acid, whose content ranged from 123 to 174 g kg -1 . The blue whiting SSP, with the highest content of asparaginic acid at 393 g kg -1 but almost complete absence of pyrrolidine carboxylic acid, was an exception. Tryptophan had the lowest content in all the samples, and it ranged from 3.6 to 15.0 g kg -1 . A notable content of lysine, which is an essential amino acid, was found in WSP, SSP and ASP of blue whiting and polar cod (from 59.5 to 121 g kg -1 ). Thus, proteins extracted from polar cod and blue whiting can be recommended as a food supplement to enrich protein foods low in lysine, for example, vegetable food.
The data analysis confirmed that the amino acid content of the proteins from polar cod and blue whiting compare favorably with the amino acids in Atlantic cod fillet proteins, particularly the blue whiting protein samples.
Biological value of underutilized fish species. Table 5 lists the amino acid scores (AAS i ), which characterizes the protein quality of polar cod and blue whiting (whole fishes, as well as their WSP, SSP and ASP fractions). The data analysis revealed that polar cod and blue whiting proteins do not contain limiting amino acids. Therefore, they are complete. However, the polar cod and blue whiting WSP, and blue whiting SSP contained the limiting amino acid, histidine, while blue whiting SSP contained three limiting amino acids, i.e. isoleucine, threonine and methionine. Fig. 2 reveals the blue whiting had the highest biological value (E/N e ). Among the fractions, the WSP of polar cod and blue whiting had the highest biological value.
It is possible to evaluate biological value of the protein by the sum of essential amino acids; Fig. 3 contains these results. The rationality coefficient (R с ) considers both deficit and excess essential amino acids in the protein. Therefore, it can be assumed that this parameter provides the most objective characteristic of the protein completeness based on the amino acid composition of the protein and thus, its biological value. The R с for the whole blue whiting proteins in their entirety and their ASP was the highest, confirming its high biological value (Fig. 4) . The R с value for blue whiting was 18 % superior to that of Atlantic cod fillet. Blue whiting (whole fish) proteins and cod fillet proteins were equally balanced. Tryptophan  138  139  117  145  104  250  110  Lysine  223  269  213  243  309  284  132  Threonine  131  205  260  212  156  195  70  Valine  118  166  134  156  120  138  223  Methionine +  Cysteine  107  108  138  138  134  131  76   Isoleucine  123  186  160  167  131  166  57  Leucine  129  160  156  174  140  145  153  Tyrosine +  Phenylalanine  176  246  227  216  196  258  198   Histidine  230  80  61  224  267  78 282 Fig. 2 . Essential-to-non-essential ratio (E/Ne) for WSP, SSP and ASP from polar cod and blue whiting; and protein from Atlantic cod fillet. The rationality coefficient (R с ) considers both deficit and excess essential amino acids in the protein. Therefore, it can be assumed that this parameter provides the most objective characteristic of the protein completeness based on the amino acid composition of the protein and thus, its biological value. The R с for the whole blue whiting proteins in their entirety and their ASP was the highest, confirming its high biological value (Fig. 4) . The R с value for blue whiting was 18% superior to that of Atlantic cod fillet. Blue whiting (whole fish) proteins and cod fillet proteins were equally balanced.
When the proteins of all the examined samples were graded according to their biological value i.e. increasing value of R с , the following order was observed: polar cod SSP < blue whiting SSP < blue whiting WSP < polar cod WSP  whole blue whiting protein < Atlantic cod fillet < whole polar cod proteins < polar cod ASP.
Conclusions of using the raw material for protein hydrolysate and isolate in food production. The fraction composition of the proteins of whole and gutted (for fillets) polar cod and blue whiting has been researched for the first time. The obtained data shows that gutting the polar cod and the blue whiting results in losses of almost a half of the proteins from the whole fish, so it is reasonable to use whole fish while producing hydrolysates and isolates for maximal usage of the protein component. The protein content of the whole fish and its muscle tissue is almost independent from the fishing season, but the fat content of the whole fish is almost twice higher in autumn than in spring. It is found that the whole fish -blue whiting and polar cod -contains the full-grade proteins with the high biological value. So, the explored raw material can (and must) be possible to be used for obtaining such valuable products as hydrolysates and isolates. Fish protein hydrolysates contain from peptides and amino acids. Fish protein isolates contain more than 75% of protein in its native form.
The obtained research data makes it possible to recommend all basic technological methods of processing of small fishes during producing fish hydrolysates and isolates. It is recommended to use the whole fish from spring fishing season for producing proteinous products (hydrolysates and isolates).
It is also recommended to hydrolyze minced whole fish during producing hydrolysates. As for isolates (especially actual for the polar cod because of the high content of ASP), it is better to chop the whole fish, and then to carry out the alkaline treatment of the mince. Thus the alkaline extraction makes it possible to get the whole complex of proteins without substantial losses.
It should be said in the conclusion that it is most rational to use blue whiting and polar cod without gutting to reduce energy and labor costs during such operation as "gutting". Moreover, it will increase the yield of fish hydrolysates and isolates.
Official statistical data of the catch of the blue whiting and the polar cod shows that these fishes have a significant proportion in the total catches. They are not inferior to traditional fishing objects in their protein content. But small sizes and some other disadvantages (for example, high infection with nematodes of the blue whiting) require preliminary gutting using traditional technologies. The possibility to use undressed fish is a feature of the new technologies of producing proteinous products with enhanced biological value.
ABBREVIATIONS
AAS i -amino acid score; WSP -water soluble proteins; SSP -salt soluble proteins; ASP -alkalisoluble proteins; TN -Total Nitrogen; P -protein.
